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ABSTRACT (Maximum 200 words)
This study examined the comparability of the Armstrong Laboratory's computerized version and the original paper-and-pencil version of an intelligence test. The Multidimensional Aptitude Battery (MAB) is a multiscale test of intelligence that is widely used in aerospace cognitive testing. The research question was whether the two tests are psychometrically equivalent.
Comparing the scores of 135 student pilot candidates who took the paper-and-pencil version to the scores of 402 student pilot candidates who took the computerized version, there are no clinically significant differences between the two versions. Full Scale, Verbal, and Performance Intelligence Quotient (IQ) scores were not significantly different across the two tests. Single factor and two factor analyses indicated that the computerized version was factorially similar to not only the paper-and-pencil pilot candidate data but also the original construction samples. 
SUBJECT TERMS

SUMMARY
This study examined the comparability of the Armstrong Laboratory's computerized version and the original paper-andpencil version of an intelligence test. The Multidimensional Aptitude Battery (MAB) is a multiscale test of intelligence that is widely used in aerospace cognitive testing. The research question was whether the two tests are psychometrically equivalent. Comparing the scores of 135 student pilot candidates who took the paper-and-pencil version to the scores of 402 student pilot candidates who took the computerized version, there are no clinically significant differences between the two versions. Full Scale, Verbal, and Performance IQ scores were not significantly different across the two tests. Single factor and two factor analyses indicated that the computerized version was factorially similar to not only the paper-and-pencil pilot candidate data but also the original construction samples. Further, internal consistencies are higher for the computerized version than for the paper-and-pencil version for pilot candidate data. Finally, visual analysis of the distributions suggests no major differences.
INTRODUCTION
Background
Clinical psychologists from the Neuropsychiatry Branch of Armstrong Laboratory accomplish and supervise the psychological assessment of many aviators each year. A number of these assessments are completed in a conventional manner such as when an aviator requests a medical waiver in order to return to flying status. However, the majority of psychological, assessments are completed in less conventional ways. For example, over 1,000 student pilot candidates are evaluated as part of the Enhanced Flight Screening (EFS) Program each year. These students are medically screened in groups of 20-24 prior to beginning flight screening at Hondo, TX, or they are medically screened in groups of 6-8 before beginning flight screening at the Air Force Academy. All psychological testing must be completed in one 4-hour block of time. Time constraints and the need for group administration has motivated the clinical psychologists at Armstrong Laboratory to identify and develop more efficient ways of administering and scoring psychological tests.
The Multidimensional Aptitude Battery (MAB) was developed as a measure of intelligence similar to the Wechsler Adult Intelligence Scale-Revised (WAIS-R) but permits group administration, automated administration, and hand/ machine scoring (Jackson, 1984) .
The MAB provides summary Full Scale, Performance and Verbal IQ Scores as well as subtest scores.
Subtest and summary scores of the MAB and the WAIS-R correlate to about the same degree as WAIS-R scores correlate with the original version WAIS intelligence test scores. The MAB was first used with aviators in the 1980's (Retzlaff and Gibertini, 1987; 1988) .
In 1994, Flynn, Sipes, Grosenbach, & Ellsworth completed a study of rated pilots using a partially computerized version of the MAB developed by the test publisher. Although this version was more efficient than previous versions, it still required the use of a printed stimulus booklet. Therefore, a fully computerized version was developed by the Neuropsychiatry Branch of Armstrong Laboratory, in co-operation with the test's author, Douglas Jackson, Ph.D. This fully computerized version is currently being used in the evaluation of all EFS students (King and Flynn, 1995) and in a Defense Women's Health Initiative Program study entitled "Assessment of Psychological Factors in Aviators." The purpose of the present study was to determine whether the Armstrong Laboratory's computerized version of the MAB was psychometrically equivalent to the original paper-andpencil version.
Method Review
There are three approaches to the comparison of two versions of a single test. The first and second approaches involve the comparison of the two tests taken by a single group. The third would look at differences across two sample, each sample taking only one version of the test.
The first approach would be considered a classic alternate forms study. Here a large number of subjects, perhaps 100 to 200 would take both forms of a test. Level of difficulty would be assessed by comparing the two sets of scores for significant differences. It may be that one version is "easier" than the other and results in artificially higher scores. The second indicator would look at the correlations of the two versions of the test. This, in essence, determines if subjects are relatively positioned on the two score distributions at similar points. If the two versions are similar and truly alternate forms the correlations between the test scores should be positive and high. These coefficients should approach reliability and, therefore, be in the high 0.80's. The difficulty with this approach is that it requires a great deal of testing time over a period of weeks and is often impractical.
The second approach is invoked based upon the findings of the first. If significant differences in difficulty or distribution are found, then it is often of value to "equate" the two score distributions. Here the two scores are often transformed into a third score which is optimized to the two underlying scores. Here, this third score can be used to examine scores regardless of the test form from which they are derived. Carretta and Ree (1993) at Armstrong Laboratory have used this technique with great success. This approach, however, is onlynecessary when a large set of existing testing is available_and needs to be made comparable to a newer/ different test version. This also requires very large number of subjects to map each percentage point of performance. Sample sizes of 1000 would often be needed.
The third approach would look at the relative difficulty of the two versions and the variability of the distributions across two different samples. Here one large sample taking one version of the test would be compared to another sample taking the other version. Samples of 100 to 200 would be adequate. Significant differences in level of difficulty could be determined statistically. Additionally, the degree of variance in the scores could be compared as well as other parameters of distribution shape. Secondary issues of reliability and factorial stability can also be examined. Alternate forms validity coefficients cannot be calculated, unfortunately. This approach is often the most practical.
Purpose
The purpose of the current study is to determine if the two versions of the MAB are similar. Questions include 1) whether or not IQ scores are of similar level and variability across the two versions, 2) whether the performance subtests survived the transition well, and 3) whether the verbal subtests are behaving as expected.
METHOD Subjects
Two Air Force samples participated in this study. The first was a group of 135 student pilot candidates and the second was a group of 402. The sample as a whole had a mean age of 23.5 (sd 4.2) and 5% were female. Subjects who had been commissioned through Officer Training School, ROTC, and the Air National Guard were all college graduates. Approximately, 42% were Juniors at the United States Air Force Academy. There were no significant differences between the groups on demographic variables.
Measures
Two versions of the MAB were used. The first version was the original designed by Jackson (1984) . It is a paper-andpencil version. There are 10 subtests each with a time limit of 7 minutes. Subjects read items from a booklet and endorse a, b, c, or d on a bubble sheet. The bubble sheets can be hand scored, computer scored locally, or mailed to the test company for computer scoring. They were computer scored locally for this study.
The second version is the Armstrong Laboratory's computerized version. Here verbal type questions are presented as text on a computer screen and subjects are asked to respond to the computer with an a, b, c, or d response with a light pen or keyboard entry. The performance type items were scanned into computer graphic files and are presented in a window on the monitor. This computerization was done and is used with the consent of the test author with explicit copyright permission.
Procedures
Prior to entering the Enhanced Flight Screening programs at Hondo, TX, and the Air Force Academy in Colorado Springs, CO, student pilot candidates are asked to participate in baseline cognitive testing. They are additionally asked, but not required, to participate in personality testing.
Students tested on the original paper-and-pencil version were administered the test in accordance with the procedures outlined in the manual. Booklets are handed out and a proctor ensures that all subjects in a group are given the appropriate 7 minutes per subtest.
Students tested on the computer were given items and timed by the computer. The subtests would begin and end in accordance with the programming of the batch files. While groups of students were tested simultaneously, testing in this manner is more individual in nature.
Analysis
The data were analyzed for differences across testing conditions. Mean levels of performance were analyzed. Underlying subtest intelligence loadings were calculated. The concordance of 2 factor structures across conditions were compared to the construction sample. Finally, the internal consistency of the Full Scale IQ scores were calculated and compared. Table 1 presents the means and standard deviations for the 10 subtests as well as the Full, Verbal, and Performance IQ summary scores. Subtest data are raw scores. This was done to avoid any score changes as a function of scale score conversion. Summary IQ scores are in scaled format with the usual mean of 100 and standard deviation of 15 for the population at large.
RESULTS
Differences in mean levels
The mean Full Scale IQ for the students who took the paper and pencil version was 120 and the mean for the students taking the computer version was 119. This is not a significant difference (£=1.35, df=535, p=.1761). Further, no differences between groups on the Verbal IQ was found with means of 119 and 118, respectively. Performance IQ's were 119 and 118, respectively, again, representing no significant differences. Note: Summary IQ scores are in scaled score units. Subtest data is in raw score units. * denotes significant differences.
With respect to the variance of the scores, little difference is seen across groups. The standard deviations for the Full Scale IQ are both about 7. The standard deviations for the Verbal IQ scores are also both about 7 and the Performance standard deviations are about 8 and a half.
No differences between means were found for any of the Verbal subtests. These subtests included Information, Comprehension, Arithmetic, Similarities, and Vocabulary. Again few if any differences are noticeable in the standard deviations. The largest difference is on the Information subscale with the paper version students having a standard deviation of 4.0 and the computer students having a 4.7. This ratio is only 1.18.
No mean differences for Performance subtests were found for the Picture Completion, Spatial, or Object Assembly tasks. There was a significant difference between scores on the Digit Symbol subtest. Here the computer version resulted in a mean score of 29.6 and the paper version a 28.1. In scaled score units (mean of 50 and standard deviation of 10), this is a 67 versus a 64. Additionally, there was a significant mean difference between groups on Picture Arrangement. Here the paper version resulted in a higher score of 13.8 than the computer version with a 12.3. Scaled scores would be 65 and 60.
Variances again appear equal across Performance subtests. The greatest difference would be on the Digit Symbol with standard deviations of 3.6 and 3.2. Here the ratio would be 1.12.
In summary, few if any differences are found for level of performance. Additionally, no significant differences were found for the important three summary IQ scores.
Single factor solution/ "cr" loadings In order to assess the degree to which the subscales of the two versions of the test correlate with a singular general intelligence dimension, a factor analysis was done which extracted and rotated only one factor. This was compared across samples as well as to the loadings presented in the manual from the construction sample. Table 2 Single factor subtest loadings for Jackson normative sample, pilot paper version, and pilot computer version. Table 2 presents the three vectors. The Jackson sample generated a solution with generally high loadings (scale-factor correlations). Verbal subtests load higher than Performance subtests. The lowest loading is for Digit Symbol.
The paper-and-pencil version given to student pilots resulted in generally lower loadings. Again, the Verbal subtests load higher than Performance subtests. Again, Digit Symbol has the lowest loading. This solution resulted in only 28% of the variance being modeled.
The computerized version resulted in loadings that were higher than the loadings from the pilot paper-and-pencil version. They were not though as high as the Jackson sample with its 3121 size sample. Digit Symbol is again the lowest.
Interestingly, the computer version data models far more variance at 37% than the pilot paper-and-pencil version.
In summary, the loadings of the three samples on a single intelligence factor are supportive of the two versions being similar.
If anything, these data suggest that the computerized version is superior to the paper-and-pencil version for pilots.
Two factor solution
In order to determine if the subscales group logically into verbal and performance factors, a two factor solution for the two pilot samples was compared to the Jackson construction sample. Table 3 Two factor solution for Jackson normative sample, pilot paper version, and pilot computer version. It is hoped that the five Verbal subscales will form a common factor as will the five Performance subscales. As can be seen in Table 3 , all three samples generally result in a clean and logical two factor solution.
Factor 1 represents the five Verbal subtests. Here the Jackson data provides high loadings for all but the Arithmetic subtest. Interestingly, the pilot computer sample has generally higher loadings than the paper-and-pencil pilot sample. Both pilot samples also exhibit the lowest loading for Arithmetic as does the Jackson sample.
Factor 2 represents the performance factor. All three samples display loadings which are similar. Picture Completion has the lowest loading for all three samples. Again, remarkable concordance across patterns is seen.
The factors modeled 44% of the paper-and-pencil pilot sample data and 51% of the computer pilot data.
In summary, the two factor solutions are more alike than they are different and represent excellent factor concordance. Again, an argument can be made that for pilots the computerized version behaves better than the paper-and-pencil version.
Internal consistency
The reliability or internal consistency of the Full Scale IQ scores can be calculated through the Cronbach alpha. This coefficient assesses the singularity or internal consistency of a scale. The higher the Cronbach alpha, the more reliable the scale. Since the Full Scale IQ score is a linear combination of underlying subtest scores, no parameters are violated. This would not be the case if Cronbach alpha were applied to the subtest scores. The test manual presents internal consistencies for the construction samples of 0.96 to 0.98. These are remarkably high and undoubtedly the result of not only an inherently reliable test but also a very high number of subjects and a great deal of variance in the samples. The internal consistency for the Full Scale IQ score for the paper-and-pencil pilot sample is 0.70. It is 0.80 for the computer version. Both of theses are much lower than the statistics from the construction sample. A much lower number of subjects is one reason but, more importantly, an extremely truncated range of scores and variance of this sample. The standard deviations for the student pilots are one-half of the those in the construction sample and the variance, therefore, would be one-quarter. Truncated distributions not only suppress univariate and Paper and Pencil -B-Computer multivariate correlations but also the Cronbach alpha which is based upon an average of all possible variable correlations. It is interesting, though, that with the same variance as the paperand-pencil version that the computerized version would be so much higher.
Both versions have adequate reliability. The computerized version is significantly better.
Distributions
Figure 1 presents the distribution of Full Scale IQs for the two samples. A five-point rolling average was employed to allow for easier comparison. Both distributions are relatively normal. They appear to have similar variance. They appear not to be skewed. They appear to have similar kurtosis.
There are no obvious differences in the shapes of the two distributions.
DISCUSSION
The current work has found that there are few if any differences between student pilot candidates taking a paper-andpencil version of the MAB versus the Armstrong Laboratory's computerized version. There are no mean differences for any of the summary IQ scores. There are no mean differences for any of the Verbal subtests and there are only minor and counterbalancing differences on two of the five Performance subtests. Differences on Performance subtests were more likely given the graphic nature of the stimuli.
One and two factor solutions for general, verbal, and performance intelligences indicated good concordance across both versions of the test as well as against the original construction sample data. Indeed, there was some evidence that the computerized version behaves better for pilots than the paper-andpencil version.
Reliability analysis indicates that both versions are reliable. Interestingly, the computerized version is actually more reliable for pilots than the paper-and-pencil version. This is a quite unexpected result. While sample sizes differed, the smaller sample of 135 is still large enough to produce stable results.
Finally, the plots of the two distributions of Full Scale IQ scores shows no evidence of major differences between the two administration methods. While minor differences may appear, no significant range, variance, skew, or kurtosis issues are apparent. This is particularly true given the type of use to which these tests are put.
Recommendations
Strictly speaking, no further comparison studies are necessary. There is little need given the lack of differences found in the current study.
If resources are available, a within subject design would be of value. Here a large sample, perhaps 100, would be given both versions of the test. This would allow for the traditional alternate forms coefficient statistic. Correlations between tests should approach reliability and be in the .80 to .90 range.
The difficulty of such a study is recruiting subjects to take two 1.5 hour IQ tests. A study of similar design but based upon the results of the current paper would be to simply have the subjects take both forms of the Performance subtests. These are the tasks which are most prone to decrement given computerization. Note: Verbal, Performance, and Full Scale IQ's correlations are based on scaled scores, while raw scores are used for the subtest correlations. The Jackson intercorrelation matrix is available m the manual. 
